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To assess the early effects of successful coronary angio- 
plasty on Doppler-d&v lefi ventricular filling patterns 
and the significance of extent of ~v~Ml~r~~t~o~ on 
these variables, 31 patients u ergoing coronary mgio- 
plasty were examined within b before and after the 
revascularization procedure. 
er angioplasty, tbe pti early to late velocity ratio 
increased from 0.89 f 0.2 to 1.05 f 0.3 (p < 0. 
inUWsed from 42 f 
e percent atrial contribution 
tilling decreased from 45 + 7% tu 413 8% (p C O.OI), and 
the pressure half-time and 
shortened from 55 f 15 to 
100 f 14 to 82 f 17 ms (p < 
Left ventricular diastolic dysfunction is often present in 
patients with significant coronary artery disease, even in the 
absence of regional or global left ventricular systolic dys- 
function (l-3). It has been suggested that abnormalities in 
left ventricular diastolic function may actually precede left 
ventricular systolic dysfunction and, therefore, serve as an 
early and sensitive marker of ischemia (4). The eiIects of 
percutaneous transluminal coronary angioplasty on left ven- 
tricular diastolic function in various clinical settings are not 
well understood. Reversal of impaired diastolic filling both at 
rest and during exercise in some patients after coronary 
angioplasty has been demonstrated by radionuclide studies 
($6). Coronary angioplasty as a means of coronary revas- 
cularization is being increasingly utilized for patients with 
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multivessel disease, but few studies (9,B) have looked at the 
importance of the degree of revascularization obtained and 
its effect on functiona. results. 
Pulsed Doppler echocardiography is a reliable noninva- 
sive technique to assess left ventricular diastolic filling (9). 
Conflicting data have been reported concerning the effects of 
revascularizdtion on the Doppler variables of left ventricular 
filling. Some studies (IO) have demonstrated a prompt im- 
provement in left ventricular diastolic filling as assessed by 
Doppler echocardiography after successful coronary angio- 
plasty in patients with stable angina, whereas others (II) 
failed to show these favorable effects. 
The aim of the present study, therefore, was to assess the 
early effects of successful coronary angioplasty on Doppler- 
derived left ventricular filling patterns and to determine the 
significance of the extent of revascularization on these 
variables. 
Study patients. Thirty-one consecutive patients with cor- 
onary artery disease referred for coronary angioplasty were 
01990 by the American College of Cardiology 073%1097/90/$3.50 
eluded vessels that su 
short-axis and apical views were obtained. An M-mode 
tracing obtained immediately below the mitral valve leaflets 
was derived from the parasternal short-axis view to evaluate 
left ventricular function. The four cardiac valves were 
interrogated in the baseline study by both pulsed and con- 
tinuous wave Doppler echocardiography to rule out signifi- 
cant vdvular heart atients with valvular reg~rgita- 
C$ the mitral valve 
mitral leaflet tips at 0.5 cm of the mitral anulus; the trans- 
ducer orientation was adjusted for optimal spectral display 
(highest velocity with least spectral dispersion). Sample 
ve consechl 
velocity; total, early and atria1 
respective ratios; percent atrial 
Pated as atria! velocity integr 
wave asce~eratio~) 
previ~~s~ y ( 13). Cardi 
volume-heart rate pro 
oss-sectional area. 
ical anatysls. ‘Fvjo-tailed paired f test 
to compare continuous variables before and 
angioplasty. Unpaired two-tailed I tests were used to com- 
pare continuous variables betwee 
z&M was considered significant. 
mean values 2 I S 
cases. All 36 patients with sin 
revascularization. Of the 15 
ease, coronary angioplasty was successful in all and com- 
plete revascularization was obtained in 7. Overall, 23 pa- 
tients (74%) had complete and 8 patients (24%) had 
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Table 1. Hemodynamic Findings in 31 Patients 
Baseline Post-FWA p Value 
Heart rate (beats/min) 69 2 9 12 -c 12 NS 
SBP (mm Hg) 125 + 16 119 a 14 0.03 
DBP (mm Hg) 69 2 9 67 ? IO NS 
CO (literslmin) 4.5 5 0.9 4.5 h 0.9 NS 
CO = cardiac output; DBP = diastolic blood pressure; Post = &r; WCA 
= coronary angioplasty; SBP = systolic blood pressure. 
incomplete revascularization. The left anterior descending 
artcry CC dilated in 13 patients, the right coronary artery in 
16, the left circumflex artery in 7, the obtuse marginal branch 
in 6 and the diagonal branch in 3. 
namic and echoc iographic data in the entire 
group. There were no significant changes before and after 
coronary angioplasty in heart rate, cardiac output or dias- 
tolic blood pressure. Systolic blood pressure decreased 
slightly after coronary angioplasty from 125 f 16 to 199 f 94 
mm Hg (p < 0.05) (Table 1). Left ventricular diameter was 
unchanged after coronary angioplasty. Shortening fraction 
increased slightly (p = NS; Table 2). 
After coronary angioplasty, the total mitral velocity inte- 
gral remained unchanged; however, the distribution of early 
and atrial filling was significantly modified (Table 3). The 
early velocity integral increased slightly but not significantly, 
but peak early velocity increased from 58 f 93 to 67 f 16 
cm/s (p -C 0.01). The pressure half-time decreased from 55 ? 
15 to 43 5 13 ms (p < O.OOl), and the one-third filling fraction 
increased from 42 -I- 10% to 48 + 10% (p < 0.001). 
Opposite changes were found in atria1 filling. Peak atrial 
velocity remained unchanged, whereas atrial velocity inte- 
gral decreased significantly from 6 2 1.4 to 5.3 f 1.6 cm 
(p < 0.01). Thus, the percent contribution of atria9 systole to 
diastolic filling decreased from 45 +- 7% to 41 + 8% (p < 
0.09). Consistently, both the ratios of peak early to peak 
atria9 velocity and of early velocity integral to atria1 velocity 
integral increased significantly from 0.89 f 0.2 to 1.05 +: 0.3 
(p < 0.001) and from 1.32 2 0.3 to 1.6 * 0.5 (p < O.Ol), 
respectively. The isovolumetric relaxation time shortened 
Table 2. M-mode Findings in 31 Patients 
Baseline PosWfCA p Value 
LVEDDl (mm/m’, 26 d 3 21 + 4 
LVESDI (mm/m?) 
NS 
17 ? 2 17 -c 4 
SWT (mm) 
NS 
II r2 IO + 2 
PWT (mm) 
NS 
852 951 
SF (%) 
NS 
3428 36 -+ 8 
Vcf (&c/s) 
NS 
% 2 24 100*24 NS 
Chic = circumferences; LVEDDI = left ventricular end-diastolic diameter 
index; LVESDI = left ventricular end-systolic diameter index; Post = after; 
PWf = posterior wall thickness; SF = shortening fraction; SWT = septal wall 
thickness; Vcf = velocity of circumferential fiber shortening. 
Table 3. Comparison of Doppler 
Coronary Angioplasty in the Enti 
% P 
Baseline Post-PrCA Change V&X 
TVi (cm) 14 + 2 13 + ? -42 15 NS 
Ei (cm) 7.5 f 1.9 7.7 + 2.4 22 18 NS 
Ai (cm) 6i: 1.4 5.3 2 1.6 -12 r 20 0.002 
PE (cm/s) 58 + 13 67 + 16 17 + 21 0.001 
PA (cmls) 67 f 12 65 + 16 
Ei/Ai 1.32 f 0.3 1.6 2 0.5 
PEK’A 0.89 + 0.2 1.05 r 0.3 
I/3 FF (%) 42 i: IO 48 f 10 
%AC 45 ? 7 41 + 8 -9 f 13 0.004 
PI/2 (ms) 55 f I5 43 t 13 -20 + 21 0.001 
IVRT (ms) 1OOr 14 82 + 17 -17 16 % 0.0001 
Time E (ms) 74 + 17 75 + 16 4 r 23 
E wave accel (cm/s21 823 + 25 927 f 26 17+30 0 
Ai = atria1 velocity integral; Ei = early velocity integral; E wave accel = 
mean rate of acceleration of early filling velochy; IVRT = isovolumetric 
relaxation time; I/3 FF = one-third filling fraction; PA = peak atrial velocity; 
PE = peak early velocity; % AC = percent atriai contribution lo filling; 
Post = after; PI/2 = pressure half-time: Time E = time from the onset of 
mitral hlllow to peak early velocity; TVi = total velocity integral. 
after angioplasty from 100 If: 14 to $2 * 97 ms ( 
The mean rate of acceleration during early filling increase 
significantly from 823 r 25 to 927 f 26 cm/s2 (p < 0.09). 
Although significant changes in the diastolic filling pattern 
were observed in the entire group, the range in th 
change of the d variables analyzed an 
variability was rable (Fig. 9). To elu 
diverse responses in the filling pattern after coronary angio- 
plasty, the study group was divided into two groups accord- 
e of revascularization. 
duplex versus i tiO& 
Twenty-three patients had complete and eight had incomplete 
revascularization. Six of the eight patients with incomplete 
revascularization had three vessel disease and two had two 
vessel disease; none of the eight had more than one vessel 
that was not revascularized. Doppler measurements after 
angioplasty in the patient groups with and without complete 
revascularization followed the same trends observed for the 
entire group (Table 4). Peak early velocity, the one-third 
filling fraction and the ratios of peak early to peak atrial 
velocity and their respective time velocity integrals increased 
significantly. The atria9 velocity integral and percent contri- 
bution of atrial systole to filling decreased significantly in both 
groups. Both the pressure half-time and the isovolumetric 
relaxation time shortened significantly after angioplasty in 
both groups. The mean rate of acceleration of early filling (E 
wave acceleration) increased significantly only in those pa- 
tients with complete revascularizatior.. 
The percent change in each Doppler-derived variable 
obtained in both groups was compared. No significant 
differences were noted between patients with and with&t 
ual and group mean values for 
relaxation time (ms) a 
(A) velocity ratio before t 
%Me 4. Comparison of Doppler efore and After Coronary Angioplasty in Patients With Complete 
and Incomplete Revasculhrization 
Complete (n = 23) incomplete (n = 8) 
Pi-e Post p Value Pre Post 
TVi 13 2 2 13 +2 NS 14 c 4 13 -+ 5 
Ei 7.3 t 1.4 7.5 2 I.6 NS 8.1 2 2.1 8.3 f 3.8 
Ai 6 + I.2 5.4 + 1.4 0.02 5.9 ? 1.7 4.9 + 1.9 
PE 59 + Y 672 I2 O.i?&lB 56 i ?I 67 _+ 25 
PA 672 10 67 2 14 NS 66k I8 61 2 20 
EdAi 1.28 2 0.4 1.46 + 0.4 0.04 1.41 + 0.4 1.76 -r. 0.06 
PUPA a.9 k 0.2 1.02 2 0.2 0.003 0.9 t 0.2 I.1 i- 0.3 
113 FF 42 r 10 46 f. 9 0.005 43 ?r IO SO-? II 
%AC 45 h 7 41 2 7 0.007 43 r 7 38 -t 8 
PI/2 51 lr9 43 - IO 0.002 64 2 2s 44t 17 
IVRT Ml+ 12 832 13 O.OMl? 992 17 79 f 25 
Time to E 742 18 73 + lb NS 72% 12 801 17 
E wave accel 833 + 224 %I z 271 0.02 797 + 343 845 L 250 
Pre = before; other abbreviations as in Table 3. 
p Value 
NS 
NS 
0.05 
0.03 
NS 
0.03 
0.001 
O&XI8 
0.01 
0.003 
0.03 
NS 
NS 
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al. (6) demonstrated improvement in diastolic function only 
dufing exercise after angioplasty; the peak diastolic filling 
rate at rest remained unchanged. 
an rhe current study, we noted significant changes in 
Doppler indexes after coronary angioplasty. Both early to 
Iate peak velocities and time velocity integral ratios in- 
creased significantly. Consistently, the percent contribution 
of atrial contraction to diastolic filling decreased, whereas 
the one-third filling fraction increased significantly. These 
findings suggest that successful angioplasty results in a 
prompt improvement of left ventricular diastolic filling. 
Possible explanations for these diverse results include dif- 
ferences in methods and in study groups. Wind et al. (II) 
studied patients with typical angina; in contrast, I6 patients 
(52%) in our study had unstable angina and were likely to 
have ongoing ischemia. In addition, we excluded patients 
with left ventricular hypertrophy because it might have 
masked the effects of angioplasty on left ventricular filling. 
terminants of the Ier-derived diastolic 
tern. The diastolic process is a complex phenomenon that 
depends on a large number of interrelated factors (20). 
Previous work from this laboratory (21) has demonstrated 
that chamber stiffness and relaxation have contrasting influ- 
ences on the Doppler-derived pattern of diastolic filling. 
Abnormal relaxation in the presence of normal chamber 
stiffness produces a decrease in both peak early velocity and 
early to atrial peak velocity ratio. Conversely, increasing 
chamber stiffness is associated with an enhanced peak early 
filling velocity and decreased atrial contribution to filling. 
Concomitant abnormalities of relaxation and compliance 
may “pseudonormalize” several Doppler-derived echocar- 
diographic patterns of diastolic filling. Moreover, modifica- 
tions of loading conditions significantly alter the Doppler- 
derived diastolic filling pattern in a manner that might mimic 
or mask intrinsic diastolic dysfunction (22). Thus, improve- 
ment in impaired relaxation might not be the only explana- 
tion for the changes observed after angioplasty in our 
patients. An increase in preload resulting in a higher driving 
force across the mitral valve could lead to a pseudonormal- 
ization of the mitral flow velocity curve. Similar changes 
would be obtained by increased stiffness after angioplasty. 
However, improvement in impaired relaxation after cor- 
onary angioplasty appears to be the most likely mechanism 
to explain the changes in ourpatients. The increase in early to 
atrial diastolic filling ratios and the significant shortening of 
both isovolumetric relaxation time and pressure half-time also 
support this mechanism. In addition, the mean rate of accel- 
eration of early filling (E wave acceleration) increased signif- 
icantly after angkiplasty. In our experience, this Doppler 
index best correlates with the time constant of relaxation (21). 
CompIem versus incomplete revaseularlzation. Previous 
studies have demonstrated that patients with chronic ische- 
mic heart disease frequently show abnormalities of left 
ventr&lar relaxation and filling at rest. Although the mech- 
anism for the impaired left ventricular 
chronic ischemia resulting in stunned or 
cardium appears to be the most likely met 
ischemia is relieved after coronary reva 
rest abnormalities are reversed (5,IO). Some studies (24) 
have shown that the amount of improvement in left ventric- 
ular systolic function correlates with the amount of jeo 
dized myocardium that is salvage 
ization. 
In our series, both the complete and 
revascularization 
in relaxation as e 
wave ratio and on&hi 
decrease in the atrial contribution to 
time and isovolumetric relaxation time 
improvement in both groups was ev 
percent change in individual Doppler-derived indexes, th 
were no significant differences between the two grou 
except for the early to atrial peak velocity ratio. 
Complete revascularization of all stenosed coronary ar- 
teries could not be achieved by coronary angioplasty. None- 
theless, improvement in global and regional ventricular 
function occurs in many patients with incomplete revascu- 
larization (25). Our data indicate that in patients with suc- 
cessful angioplasty and either complete or incomplete revas- 
cularization, the left ventricular filling pattern is significantly 
ilied in the short term. 
imi~tio~s of the stu . The pattern of left ventricular 
diastolic filling is inlluenced by a number of factors, including 
left atrial pressure and compliance, left ventricular pressure 
and compliance, mitral anulus motion and area change, and 
heart rate (9,21). In addition, acute changes in loading condi- 
tions have been shown to modify substantially the transmitral 
Doppler-derived flow pattern (26). Thus, an obvious limita- 
tion of the present study is the lack of invasively derived 
variables, such as the time constant of relaxation, chamber 
stillness and left ventricular and atrial pressures. We believe 
that no major changes in loading conditions occurred between 
the two studies (because medications were not changed, large 
amount of fluids were not administered and cardiac output 
was not different). To estimate preload, we used the left 
ventricular end-diastolic diameter, which was not signill- 
cantly different in both studies. 
The changes in the transmitral flow pattern observed in 
our patients suggest an improvement in impaired relaxation, 
although an increase in chamber stiffness cannot be ex- 
cluded. Wijns et al. (27) reported that global and regional left 
ventricular stiffness increases during angioplasty balloon 
inflation and returns to baseline after balloon deflation. 
However, in some patients, chamber stiffness remained 
higher than the control value. This might be particularly 
important in patients with multiple and prolonged coronary 
occlusions undergoing multivessel angioplasty. In fact, when 
comparing patients with complete and incomplete revascu- 
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